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Can One Study Heavy Meson Semileptonic Decays on Coarse Anisotropic
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aPhysics Department, The Ohio State University, Columbus, OH 43210, USA.
Exploratory studies of heavy meson semileptonic decays on coarse lattices using Symanzik improved glue,
NRQCD heavy and D234 light quarks are discussed. Comparisons are made between calculations on anisotropic
and isotropic lattices. We find evidence that having an anisotropy helps in extracting better signals at higher
momenta.
1. Introduction
Semileptonic decays of heavy mesons into light
hadrons such as, B → π lν or B → ρ lν, in-
volve hadrons with sizeable momenta, once one
moves away from the zero-recoil point at q2 ≡
(p − p′)2 = q2max. “pµ” is the momentum of
the decaying heavy meson and “p′µ” that of the
light daughter meson. High momenta introduce
both noise and ap discretization errors into lat-
tice simulations making calculations of semilep-
tonic form factors that extend over a wide range
in q2 a challenging task. We have carried out
exploratory simulations to investigate whether
anisotropic lattices can help with the signal-to-
noise problem. We study two- and three-point
correlators involving finite momentum hadrons on
both anisotropic and isotropic lattices with com-
parable coarse spatial lattice spacings. Working
with identical source operators and smearings on
the initial time slices, we compare the quality of
signals that can be extracted at later times. We
find that it is considerably easier to obtain good
signals on anisotropic lattices at higher momenta
(e.g. once momenta reach (1,1,1)2π/(asL) and
beyond).
2. Some Calculational Details
The gauge actions on the isotropic and
anisotropic lattices correspond to Symanzik im-
∗Talk presented at LATTICE 2000, Bangalore, India, Au-
gust 2000. Describes work in collaboration with S.Collins,
C.T.H.Davies, J.Hein, R.R.Horgan and G.P.Lepage.
proved actions and include both plaquettes Pµν
and rectangles Rµν [1].
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We use the Landau link definition for the tad-
pole improvement factors uL, us and ut. χ0 is
the bare anisotropy. It is related to the renormal-
ized anisotropy χ = as/at as, χ0 = χ/η. η must
be fixed using some physics criterion, such as the
requirement of a correct relativistic dispersion re-
lation for torelons [2]. For the light quarks we use
the D234 action [3],
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2Table 1
Simulation Details.
isotropic anisotropic
lattice size 83 × 20 83 × 48
# configs 200 200
β 1.719 1.8
χ0 1 6.0
χ = as/at 1 5.3 [2]
C0 1 0.82 [4]
a−1s 0.8(1) GeV [3] 0.7(1) GeV [2]
a−1t 0.8(1) GeV 3.7(4) GeV
atm0 1.15 0.39
P/V 0.725(5) 0.726(6)
asM0 6.5 7.0 and 2.0
For the isotropic simulations χ and all the Cj co-
efficients are set equal to one. On anisotropic
lattices we drop discretization corrections in the
temporal direction and C3t = C4t = 0. The coef-
ficient C0 must be tuned to ensure correct disper-
sion relations in correlators involving light propa-
gators. We use a one-loop perturbative estimate
for C0 in our anisotropic simulations [4]. The
other coeffcients C3, C4 and CF are set equal
to one. For the heavy quarks we employ the
NRQCD action [5], suitably modified to allow for
an anisotropy.
In Table I we summarize simulation parameters.
In this exploratory study we have not attempted
to tune quark masses very carefully. We work
at one light quark mass slightly heavier than the
strange quark. The heavy quark mass is cho-
sen so that the heavy-light pseudoscalar meson
mass is close to that of the physical Bs. On
the anisotropic lattice we also worked at a sec-
ond heavy quark mass value close to the charm.
3. Two Point Correlators
In Figure 1. we show examples of extracted fi-
nite momentum energies from the pion and rho
channels at momentum (1,1,1)2π/(asL). Since
identical signals are being created on the ini-
tial time slices, effective mass plateaus are of the
Figure 1. Fitted energies versus tmin/at for
the pion and the rho for momentum (1,1,1) on
anisotropic (top figure) and isotropic (bottom fig-
ure) lattices.
3Figure 2. Γ
(3)
0 (t) of eq.(5) for pion momentum
(1,1,1) from isotropic lattices versus time in lat-
tice units.
Figure 3. Same as Fig. 2. from anisotropic
lattices.
Figure 4. Γ
(3)
0 (t) of eq.(5) for pion momentum
(0,0,2) from isotropic lattices versus time in lat-
tice units.
Figure 5. Same as Fig. 4. from anisotropic
lattices.
4same length in physical units on the isotropic and
anisotropic lattices. However, on the anisotropic
lattice the region where the signal is still appre-
ciably above the noise is being probed much more
frequently. It is then easier to recognize the on-
set of a plateau and extract fitted energies with
confidence.
4. Three Point Correlators
Semi-leptonic form factors for pseudoscalar
to pseudoscalar decays are defined through the
hadronic matrix element of the heavy-light vec-
tor current Vµ,
〈π(p′)|V µ|B(p)〉 = f+(q2)(pµ + p′µ) +
f−(q
2)(pµ − p′µ). (4)
In lattice simulations the above matrix element
can be obtained from ratios of three- and two-
point correlators. We define,
Γ(3)µ (~p, ~p
′, tB, t) ≡
G
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G
(2)
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√
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µ|π(~p′)〉
2
√
EBEπ
, (6)
where,
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sim
B
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G(2)π (~p
′, t)→ ζππ e−Epit. (9)
ΦB and Φπ are interpolating operators for the
B and π mesons. V Lµ is the lattice heavy-light
vector current appropriately matched to the con-
tinuum. Figures 2. - 5. show Γ
(3)
µ=0 versus t/at at
fixed tB for two different pion momenta ~p′ on the
two lattices. The B meson momentum is kept at
~p = 0. One sees again that the anisotropy greatly
facilitates extracting a reliable signal. From this
data one can use eq.(4) and eq.(6) to determine
the form factors f±(q
2). Results for form factors
will be presented elsewhere [6].
5. Summary
We find evidence that anisotropic simulations
allow us to go to higher momenta in two- and
three-point hadronic correlators. For studies of
semi-leptonic heavy meson decays this means that
a wider range in q2 = (p − p′)2 can be covered.
As part of the present project we have also tested
for ap discretization errors in our simulations. We
have looked at dispersion relations and the effects
of nonzero B meson momenta on the decay con-
stant fB. We find good continuum behavior up
to asp ≈ 1.5 and only 5-10% deviations up to
about asp ∼ 2. These tests will also be summa-
rized in a forthcoming paper together with the
form factor results [6]. There we will go into de-
tails of weighing the additional costs associated
with anisotropic simulations against the advan-
tages described here.
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